Abstract Chitin is one of the most abundant bioactive biopolymer on earth. It is commercially extracted from seafood processing crustacean shell byproducts by harsh thermochemical treatments. The extraction conditions, the source and pretreatment of raw material significantly affect its quality and bioactivity. In this investigation response surface methodology (RSM) has been applied to optimize and evaluate the interaction of variables for extraction of high quality chitin from shrimp processing raw byproducts. Variables such as, concentration of HCl (%, v/v) 4.5 (for wet) and 4.9 (for dry), reaction time 3 h, solid liquid ratio of HCl (w/v) 1:5.5 (for wet) and 1:7.9 (for dry) with two treatments achieved >98 % demineralization of shrimp byproduct. Variables such as, concentration of NaOH 3.6 % (w/v), reaction time 2.5 h, temperature 69.0± 1°C, solid liquid ratio of NaOH 7.4 (w/v) and two treatments accomplished >98 % deproteinization of demineralized byproducts. Significant (p≤0.05-0.001) interactive effects were observed between different variables. Chitin obtained in these conditions had residual content (%, w/w) of ash <0.4 and protein <0.8 and the degree of N-acetylation was >93 % with purity of >98 %. In conclusion, the optimized conditions by RSM can be applied for large scale preparation of high quality chitin from raw shrimp byproduct.
Introduction
Chitin, poly [β-(1→4)-N-acetyl-D-glucosamine], is one of the most abundant biopolymer on earth, next to cellulose (Duarte et al. 2002; Synowiecki and Al-Khateeb 2003) . Although chitin is widely distributed in nature, till date, the major source of commercial chitin comes from marine crustacean because a large amount of raw materials are available as byproducts of seafood processing (Aranaz et al. 2009; Kurita 2006; Synowiecki and Al-Khateeb 2003; Nidheeshet al. 2013 ) and extraction of chitin and its derivatives from crustacean byproducts should minimize the seafood byproducts disposal problems (Synowiecki and Al-Khateeb 2003; Nidheesh et al. 2014) Shrimp is one of the most important internationally traded fishery commodities in terms of value. In many tropical developing countries, it is the most valuable fishery export; the employment aspect is also significant. The recent world shrimp catch is about 3.4 million tonnes per year, with Asia as the most noteworthy area for shrimp fishing. World production of shrimp, both captured and farmed, is about six million tonnes, of which about 60 % enters the world market (Gillett 2008) . In addition to edible parts, wastes amount to as high as 60-80 % of the whole shrimp and crabs. Except some are processed to make cheap feeds of shrimp and crab shells powder, most wastes are discarded at will (Wang et al. 2010; Wang et al. 2011) . These not recovered and unused wastes could become potential precious bioresources, if they are processed/converted by modern biotech to make highly value-added products (Jayakumar et al. 2010; Wang et al. 2010 ).
Chitin and its principal derivative chitosan have numerous applications, due to their versatile biological and functional properties (Jayakumar et al. 2007; Jayakumar et al. 2010; Kurita 2006; Synowiecki and Al-Khateeb 2003; Nidheesh and Suresh 2014) . Some of the applications require specific architectures, and the effectiveness was shown to depend on purity and consistent quality of chitin (Percot et al. 2003; Synowiecki and Al-Khateeb 2003) . Chitin in crustacean shell is strongly associated with various organic and inorganic materials, and they all have to be quantitatively removed to attain the highly purified chitin necessary for biological applications (Percot et al. 2003) . Usually, preparation of chitin from various crustacean byproducts mainly involves removal of minerals and proteins with 2-5 % acids or bases at higher temperatures (Kurita 2006; Percot et al. 2003; Synowiecki and Al-Khateeb 2003) . Although the production of chitin was commercialized for decades, little information has been reported in the literature about the optimization of isolation process, and there is no uniform method for the isolation of chitin from crustacean byproducts (Chang and Tsai 1997; Percot et al. 2003; Shimahara and Takiguchi 1988) . About a decade before, Percot et al. (2003) has reported that a cost effective, fast and easily controlled industrial process is required for extraction of chitins with high purity and consistent qualities for specific applications particularly in food and biomedicine. In spite of that, not much work has been published over the last decade on the effective process for the extraction of high quality chitin from seafood processing byproducts. Response surface methodology (RSM) is a powerful and useful statistical technique to identify/quantify interactions between the variables and for optimization of complex chemical, biochemical, and other multifactorial processes (Chang and Tsai 1997; Suresh et al. 2011a; Suresh 2012) . Chang and Tsai (1997) has applied RSM for the extraction of chitin from pretreated very fine shell powder (0.177-0.250 mm size) of pink shrimp. However, there has been no report available in published literatures on the optimization process for the extraction of chitin from crustacean crude and raw byproducts using RSM. The main objective of this investigation was to optimize the demineralization and deproteinization process for the extraction of chitin with high quality/purity from the shrimp processing raw byproducts (SPB) using RSM employing central composite design (CCD).
Materials and methods

Raw material and preparation
Shrimp (Penaeus sp.) processing raw byproducts (SPB) composed of cephalothoraxes and carapaces were collected from local seafood market. The SPB was ground in a wet mill (Robot-coupe, 94,305 Vincennes Cedex, France) to a particle size of 1-2 cm. The minced SPB were washed with tap water (1:5, w/v) two times (unless otherwise mentioned) at room temperature (28±2°C) in order to remove the protein, other organic matters and dirt loosely associated with shrimp shell. A portion of the washed SPB was dried in a forced air drying oven (Kilburn, Mumbai, India) at 55±2°C for 12 h. The SPB (wet and dried, 1-2 cm size) thus prepared were used as starting material for chitin extraction without any further treatment.
Demineralization of shrimp byproducts
HCl solution was used to remove minerals from SPB. For all design experiments, reactions were carried out in Erlenmeyer flask (500 ml capacity); each having 10 g dry or 25 g wet materials. Four variables [concentration of HCl (X1, %, v/v), reaction time (X2, h), solid liquid ratio of HCl solution (X3, w/v) and number of treatments (X4)], which were expected to have an effect on demineralization of SPB on chitin extraction, screened and identified the most significant variables using a 2-level 2**(4-1) fractional factorial design (FFD). The FFD matrix consisting 20 runs with 4 center points were used. All the independent variables were investigated at a high (+1) and a low (−1) level. All variables taken as central coded value considered as zero. The minimum and maximum ranges of variables were investigated, and the full experimental plans with respect to their values in coded and actual form are presented in Table 1 . After treatment, the demineralized SPB were collected by filtration, washed to neutrality with potable tap water, rinsed with deionised water, and dried at 55°C for 12 h. The rate of demineralization was evaluated by determining ash content in the dried materials and recorded as the response (dependent) variable. The independent variables having major effects on dependent variable were identified on the basis of confidence levels 95 % and above.
Based on the identification of variables by the FFD, a CCD of RSM was developed for two variables, viz. X1 and X3 to determine the mutual interaction among the variables and their corresponding optimum levels. The CCD matrix was formulated with six central points and six axial points (with one variable set at extreme ±1.41 level and the other variables at the central point level) and with a total number of 12 runs. The details of experimental design with coded and actual levels of both variables are summarized in Table 3 . In the study all other non-significant variables (X2 and X4), were maintained at a constant central point ('0'coded level) of the levels used in the FFD of screening experiments.
Deproteinization of demineralized shrimp byproducts
NaOH solution was used to remove protein from demineralized SPB. For all design experiments, reactions were carried out in Erlenmeyer flask (250 ml capacity), each having 10 g of wet demineralized SPB. Five variables [concentration of NaOH solution (X1, %, w/v), reaction time (X2, h), treatment temperature (X3,°C), solid liquid ratio of NaOH solution (X4, w/v) and number of treatments (×5)], which were expected to have an effect on deproteinization of demineralized SPB screened and identified the most significant variables using a 2-level 2**(5-1) FFD. The FFD matrix consisting 20 runs with 4 center points were used. All the independent variables were investigated at a high (+1) and a low (−1) level. All the variables taken as a central coded value considered as zero. The minimum and maximum ranges of variables investigated and the full experimental plan with respect to their values in coded and actual form are presented in Table 2 . After treatment, deproteinized SPB were collected by filtration, washed to neutrality with potable tap water, rinsed with deionised water, and then dried at 55°C for 12 h. In order to evaluate the extent of deproteinization (%, w/w), the protein content of the dried residues was determined (AOAC 2000) and recorded as response (dependent) variable. The independent variables having major effects on dependent variables were identified on the basis of confidence levels ≥ 95 %.
Based on the identification of variables by the FFD, a CCD was developed for three variables, viz. X1, X3 and X4 to determine the mutual interactions among the identified variables and their corresponding optimum levels. The CCD matrix was formulated with eight central points and ten axial points (with one variable set at extreme ±1.68 level and the other variables at central point level) leading to 18 experimental run and performed in triplicate. The details of experimental design with coded and actual levels of each variable are summarized in Table 4 . In the study all other non-significant variables were maintained at a constant central point ('0'coded level) of the levels used in the FFD of screening experiments.
Statistical analysis of RSM design
All analysis was conducted in triplicate and the results of RSM experiments were analyzed using the statistical software package (Statsoft 1997) . The data obtained was subjected to the Analysis of Variance (ANOVA). The responses obtained in CCD were subjected to multiple non-linear regression analysis for obtaining empirical models that relate the response to the independent factors. The results of CCD were used to derive second order polynomial model equation (Eq. 1) .
where Y is the predicted response (% demineralization or % deproteinization); β o is the intercept (regression coefficient); βi is the linear coefficient; βii is the quadratic coefficient; βij is the interaction coefficient. X i and X j are the independent variables. Response surface and contour graphs of RSM design
Three dimensional response surface and contour graphs were drawn to illustrate the main and interactive effects of independent variables. The optimum values of each independent variable for maximum response variable were determined using response surface curves and desirability profile.
Chemical and microbiological analysis
Moisture, fat, protein (Kjeldahl), ash (AOAC 2000) and chitin (Suresh 2012 ) contents of SPB and chitin materials were determined. The percentage of soluble protein contents in the water extract of SPB was determined by Lowry's method. The microbiological examination, and sodium and the heavy metal lead content by dry ash method using Atomic Absorption Spectrophotometer (AAS) (Shimadzu AA6701F, Japan) were analyzed (AOAC 2000).
Determination of degree of N-Acetylation of chitin
The degree of N-acetylation of chitin was assessed by the method using Fourier-transform infrared (FTIR) spectroscopy. Chitin-KBr disc was prepared using very well dried mixtures of about 1 mg of the sample and 100 mg of KBr. The FTIR spectra analysis was carried using a NICO-LET 5700 FTIR spectrometer (Thermo Electron Cooperation, Madison, WI 53711) with a resolution of 4 cm −1 and 32 accumulations in the frequency range from 4000 to 400 cm −1
. The degree of N-acetylation of the samples was calculated using the following equation (Eq. 2) (Baxter et al. 1992) .
Decolouration and measurement of colour of chitin
The chitin extracted from SPB at the optimized conditions were treated with different solvents (acetone, absolute ethanol and 1 % (v/v) H 2 O 2 solution) at a solid solvent ratio of 1:10 (w/v) for 10 min, in order to remove the residual fat and pigments. It was filtered through cheese cloth and dried for 12 h at 55±2°C. The chitin treated with H 2 O 2 was thoroughly washed with deionised water before drying. The colour of chitins was determined instrumentally using Hunter Color Measuring System (Labscan XE, Hunter Associates Laboratory Inc., Reston, VA). 
Results and Discussion
Proximate composition of the raw materials
The SPB (original) used in the study contained (%, w/w, dry weight basis, dwb) 39.5±0.4 protein, 23.4±0.7 chitin, 1.2± 0.04 fat and 30.4±1.4 ash which was found almost similar to earlier reports (Suresh et al. 2011a, b) . However, the differences in chemical/proximate compositions could be related to variations in species, age, harvest location, method of processing and other biological or environmental factors. Significantly (p≤0.05) high percentage of protein content was observed in the water extract of SPB employing a solid-to-water ratio of 1:5 (w/v) with two washes as compared with other ratios (1:1 and 1:2.5, w/v) (data not shown). Hence, throughout the investigation we followed this method. The washed SPB contained (%, w/w, dwb) 36.8±1.4 protein, 25.4±1.1 chitin, 1.2±0.03 fat and 29.9 ±0.8 ash. The proteins collected by water washing of SPB can be used for food and feed applications. Distilled water (Percot et al. 2003) , alkali soaking followed by water (Chang and Tsai 1997) , and potable tap water (Suresh et al. 2011a ) has been used by various researchers for washing and also to collect soluble protein from crustaceans' byproducts.
Extraction of chitin from shrimp processing raw byproducts Chitin was extracted from SPB initially by demineralization followed by the second step of deproteinization and later in reverse order using the procedure reported earlier (Suresh et al. 2011) . It was followed in all further experiments because there was no significant (p≤0.05) difference in the purity of chitin as well as the percentage yield was observed with the changes in the order of demineralization and deproteinization steps (data not shown).
Optimizing demineralization of shrimp byproducts by RSM
The response obtained in terms of % demineralization during screening experiments using FFD is presented in Table 1 . Among the variables, the concentration of HCl solution and solid liquid ratio of HCl solution has showed significant (p≤0.05) effect in the demineralization. The tested range of reaction time and number of washing has no significant effect in the demineralization. Similar results were reported by Chang and Tsai (1997) . The mean responses obtained along with the predicted responses generated in CCD, is presented in Table 3 . Second order polynomial equations derived from the experimental data by multiple regression analysis for demineralization of wet (Y1) and dry (Y2) materials are presented in Eq. 3 and Eq. 4, respectively. The models generated were quadratic type, which accounts for the natural logarithm of response, as a function of two independent variables and their linear, quadratic and interactive functions. 
where X1, X3 represent the concentration of HCl solution and solid liquid ratio of HCl solution, respectively. ANOVA for two variables indicated that the quadratic model derived from CCD could adequately be used to describe the factors for demineralization of SPB under a broad range of operating conditions (Fig. 1, Table 5 ). Of the two independent variables, concentration of HCl solution has a significant linear (p≤0.001) and quadratic (p≤0.004) effect while the solid liquid ratio of HCl solution have a significant (p≤0.008) linear effect on demineralization of wet SPB (Fig. 1a, Table 5a ). No significant interactive effect between concentration of HCl solution and solid liquid of HCl solution was observed in the demineralization of wet SPB (Fig. 1a , Table 5a ). From Fig. 2a , it was inferred that the demineralization of wet materials increased along with an increase in concentration of HCl solution and an increase in the solid liquid of HCl solution. At the same time, both independent variables found to have significant (p≤0.00003-0.014) linear and quadratic effects on demineralization of dry shrimp byproducts (Fig. 1b) . Significantly (p≤0.0001) high interactive effect was also found between the two independent variables (X1*X3) on the demineralization of dry SPB (Fig. 1b,  Table 5b ). The coefficient of determination (R 2 ) of the regression equations derived from ANOVA is 0.94551 for the demineralization of wet SPB and 0.98241 for the demineralization of dry SPB, which means that the model can explain 94.55 % and 98.24 % variation, respectively in the response and also indicates the accuracy of the model (a value of R 2 > 0.75 indicates the accuracy of the model). The R 2 is a proportion of variability in response values explained or accounted by the model (Mantgomery 1984) . Though, the lack of fit was significant for the demineralization of dry SPB, the R 2 (0.98241) closer to one denotes better correlation between the observed and predicted values.
The optimum levels of independent variables for maximum demineralization (%, w/w) of SPB were determined using the 3818 J Food Sci Technol (June 2015) 52(6):3812-3823 Fig. 3 Characteristic of the models used in central composite design for demineralization of wet (a) and dry (b) shrimp raw byproducts and deproteinization of demineralized of shrimp byproducts (c) response surface curves (Fig. 2 ) and the desirability graph (Fig. 3) . From Fig. 2a and Fig. 3a , it can be concluded that the predicted optimal demineralization condition of wet SPB are 4.5 and 1:5.5, respectively the concentration of HCl solution (%, v/v) and solid liquid ratio of HCl solution (w/v). Similarly, from Fig. 2b and Fig. 3b , it can be determined that the predicted optimum for maximum demineralization of dry SPB are concentration of HCl solution 4.9 (%, v/v) and solid liquid ratio of HCl solution 1:7.9 (w/v). It was clearly observed that the optimum levels of two independent variables varied to some extent with respect to the %demineralization of wet and dry SPB.
Optimization of deproteinization of demineralized SPB by RSM Table 2 gives the response obtained in terms of deproteinization (%, w/w) during screening experiments using 2-level FFD. Among the variables, the concentration of NaOH solution, reaction temperature and the solid liquid ratio of NaOH solution were identified as significant (p≤0.05) variables affecting deproteinization of demineralized SPB. The tested range of reaction time and number of washing did not result any significant effect on deproteinization. Chang and Tsai (1997) reported that the effect of solid liquid ratio of alkali solution in the deproteinization of SPB was insignificant. Temperature is a critical parameter for the deproteinization with respect to the purity of the obtained chitin (Percot et al. 2003) . The mean response obtained along with the predicted response generated in CCD, is presented in Table 4 . The second order polynomial equation (Eq. 5) was derived by multiple regression analysis of the experimental data. The model generated was quadratic type, which accounts for the natural logarithm of response, as a function of three independent variables and their linear, quadratic and interactive functions.
where X1, X3 and X4 represent concentration NaOH solution, reaction temperature and solid liquid ratio of NaOH solution, respectively ANOVA for the three variables showed that the quadratic model derived from CCD could effectively be used to define the factors for deproteinization of demineralized SPB under a wide range of operating conditions. As shown in Fig. 1c and Table 5c ), all the three independent variables such as concentration of NaOH solution (X1), reaction temperature (X3) and solid liquid ratio of NaOH solution (X4), have significant linear and quadratic effect on deproteinization of demineralized materials. Similarly, significant (p≤0.0001) interactive effect was observed between all the three independent variables (X1*X3, X1*X4 and X3*X4) on deproteinization. The coefficient of determination (R 2 ) of the regression equations derived from ANOVA is 0.96474 for deproteinization of demineralized SPB, which means that the model can elucidate 96.47 % variation in the response and also specifies the precision of the model. Though, the lack of fit was significant for deproteinization of demineralized SPB the R 2 (0.96471) nearer to one indicates very good relationship between values of observed and predicted response variable.
From Fig. 2c -e, it was inferred that the deproteinization of demineralized SPB increased with an increase in concentration of NaOH solution and reaction temperature for certain point after which it declined. In case of the solid liquid ratio of NaOH solution no such decline was observed. From Fig. 2c-e and Fig. 3c , it can be concluded that the predicted optimum levels of three independent variables (X1, X3 and X4) for maximum deproteinization (%, w/w) of demineralized SPB; are 3.6 % (w/v) concentration of NaOH, 69.0±1°C reaction temperature and 1:7.4 (w/v) solid liquid ratio of NaOHsolution. In RSM study of deproteinization of shrimp shell powder Chang and Tsai (1997) reported the optimal deproteinization condition occurs at 2.5 N NaOH and 75°C with minimal solution-to-solid ratio of 5 ml/g.
Optimum conditions predicted by RSM model
The predicted values of the responses viz % demineralization (Y1 and Y2) and % deproteinization (Y3) were calculated using Eq. 1 based on the respective coefficients provided in Eqs. 3-5. The optimum conditions such as, concentration of HCl solution 4.5 % (v/v), reaction time 3 h, solid liquid ratio of HCl solution 1:5.5 (w/v) and two treatments for wet materials, and concentration of HCl solution 4.9 % (v/v), reaction time 3 h, solid liquid ratio of HCl solution 1: 7.9 (w/v) and two treatments, for dry materials fulfill l the conditions to obtain >98 % demineralization of raw SPB. Similarly, the optimum processing conditions, such as, concentration of NaOH solution 3.6 % (w/v), reaction time 2.5 h, treatment temperature 69.0±1°C, solid liquid ratio of NaOH solution 1:7.4 (w/v) and two treatments accomplish the conditions to attain >99 % deproteinization of demineralized of SPB. In RSM approach, the isolation of chitin from pink shrimp shell powder (0.177-0.250 mm size), Chang and Tsai (1997) have reported that the optimal deproteinization condition occurs at 75°C, 2.5 N NaOH with a minimal solution to solid ratio of 5 ml/g and the optimal demineralization condition around 1.7 N HCl, with an acid solution to solid ratio of 9 ml/g at ambient temperature. It is very hard to compare, the outcomes of isolation of chitin from shrimp processing raw byproducts obtained by employing RSM, due to considerable differences in proximate composition apparently exist for crustacean byproducts as well as difference in the pretreatment of raw materials. Further, the differences in crustacean species and the method of pretreatment of the raw materials may cause variations in the results of chitin isolation. Verification of results Isolation of chitin from SPB at the level of 10, 25, 50, 100, 500, 2500 and 10000 g were carried out at the predicted optimum conditions to deduce the experimental values (Table 6). The resultant chitins were analyzed for residual mineral and protein content (AOAC 2000) and their purity. The purity of the chitin was determined by re-extraction and the percentage recovery of chitin. As shown in Table 6 the experimental values were found to be in agreement with the predicted ones (p≤0.05).
Characteristics of chitin extracted RSM mediated chitin extraction from shrimp processing raw byproducts resulted in 97±0.7 % (w/w) purity with an off white amorphous flakes appearance as wells as odorless and tasteless. In these conditions, the residual content (%, w/w, dwb) of ash (mineral) is 0.4±0.08 and protein is 0.8±0.2 with a moisture content of 2.1±0.2 in the chitin. The FTIR spectrum (Fig. 4) was found to be similar to that of the commercial α-chitin. The percentage of degree of N-acetylation, calculated from the FTIR spectrum, is >93 %. Visual observation and Hunter color analysis of the chitin samples indicated an improved appearance after treatment with solvents as compared to the original product. For Hunter color L values (measures relative lightness), a definite trend was noticed in chitin with the following order of solvent treatment, original (untreated) (69.6)<absolute ethanol (72.3)<H 2 O 2 (73.3). From the AAS results, it was clear that the prepared chitin did not contain sodium and heavy metal lead and microbial count (colony formic unit (CFU)/g) was found to be <10 for total aerobic bacteria, <5 yeast and mold count and 0 for coliform. This result is in accord with specified qualities for food grade chitin (Venugopal 2011) .
Conclusion
Chitin is commercially extracted from the abundant seafood processing crustacean byproducts by the conventional acid demineralization and alkali deproteinization treatments. The harsh thermochemical extraction conditions as well as the source and pretreatment of raw material significantly affect its quality and bioactivity. Chitin and its principal derivatives chitosan are used in many fields, and their commercial applications are expanding every year. Even though, there are many reports on chitin extraction from crustacean byproducts, there has been no uniform method for the preparation of chitin with high quality due to the chemical/proximate complexity of the raw materials. The performance of the preparation of chitin from shrimp processing raw byproducts was investigated with a statistical procedure based on RSM in order to elucidate and optimize the factors which may maximize the yield and quality of chitin. The optimum conditions, viz. concentration of HCl solution 4.5 % (v/v), reaction time 3 h, solid liquid ratio of HCl solution 1:5.5 (w/v) and two treatments for wet materials, and concentration of HCl solution 4.9 % (v/v), reaction time 3 h, solid liquid ratio of HCl solution 1: 7.9 (w/v) and two treatments, for dry materials achieve the conditions to obtain >98 % demineralization of raw SPB. Similarly, the optimum processing conditions, viz. concentration of NaOH solution 3.6 % (w/v), reaction time 2.5 h, treatment temperature 69.0± 1°C, solid liquid ratio of NaOH solution 1:7.4 (w/v) and two treatments accomplish the conditions to attain >99 % deproteinization of demineralized of SPB. The optimal conditions attained by RSM would be useful to isolate chitin with high quality (>98 % purity) from shrimp processing raw byproducts.
